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(54) ANTIBACTERIAL GLASS AND ITS PRODUCTION 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain antibacterial 
colorless glass excellent in chemical durability and 
controlled releasability of an antibacterial material by 
incorporating an antibacterial metallic ion into an Si02- 
MxOy glass (M is a metallic atom with the valance number 
less than the coordination member, and x and y are an 
atomic ratio of M to O). 

SOLUTION: M is >1 kind of metallic atom selected from Al, 
La, Y, Ti, Zr, Nb and Ta. The atomic ratio (metallic M to 
antibacterial metal) is controlled to >1. The glass with Al as 
M and Ag as antibacterial metal, for example, is produced by 
mixing the solns. contg. a hydrolyzable organosilicon compd., 
a hydrolyzable metallic M compd., the salt of an antibacterial 
metal and water, gelling the mixture and calcining the gel. 
The antibacterial glass is produced as shown in the figure. 
Ethanol is added to tetraethoxysilane as a solvent. 
Separately, water, nitric acid, ethanol, silver nitrate and 
aluminum nitrate nonahydrate are mixed to form two solns. 
Both solns. are mixed, the mixture is agitated for 30min and 

hydrolyzed to obtain a sol, the sol is gelled, and the gel is dried, crushed and calcined. 




• • • 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] Antimicrobial glass which is Si0 2 -M x O y (however, as for metal atom [ with few the valence 

than the coordination number ], and X and Y, M shows atomic ratio of M and 0, respectively.) 
system glass, and is characterized by containing an antibacterial metal ion. 
[Claim 2]The antimicrobial glass according to claim 1 whose M is one or more sorts chosen from 
among aluminum, La, Y, Ti, Zr t Nb, and Ta. 

[Claim 3]The antimicrobial glass according to claim 1 or 2 which is atomic ratio M/(antibacterial 
metal) >=1. 

[Claim 4]The antimicrobial glass according to any one of claims 1 to 3 whose M is aluminum and 
whose antibacterial metal is Ag. 

[Claim 5]A manufacturing method of antimicrobial glass which mixes a raw material solution 
containing a salt and water of an organic silicon compound of hydrolysis nature, a metal M 
compound (however, M shows a metal atom with few the valence than the coordination number 
when it becomes an oxide.) of hydrolysis nature, and an antibacterial metal, and is characterized by 
calcinating after gelling. 

[Claim 6]A manufacturing method of the antimicrobial glass according to claim 5 whose M is one or 
more sorts chosen from among aluminum, La, Y, Ti, Zr, Nb, and Ta. 

[Claim 7]A manufacturing method of the antimicrobial glass according to claim 5 or 6 which is 
atomic ratio M/(antibacterial metal) >=1. 

[Claim 8]A manufacturing method of the antimicrobial glass according to any one of claims 5 to 7 
whose M is aluminum and whose antibacterial metal is Ag. 



[Translation done.] 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]This invention belongs to antimicrobial glass and a manufacturing method for 
the same. The antimicrobial glass of this invention is used suitably for the germicide of the filler of 
composite resin for dentistry restoration, the filler of cement for body bone restoration, the filler of 
a catheter, a paint, and water, etc., and it deals in it 
[0002] 

[Description of the Prior ArtjConventionally, as a manufacturing method of antimicrobial glass, 
scorification, ion implantation, and a sol gel process are known as state-of-the-art art before this 
application. Scorification mixes with silver oxide oxide powder, such as silicic acid which is a general 
glass manufacturing method, for example, serves as raw materials for glass, and way acid, and after 
it fuses, it quenches and vitrifies it. 

[0003]Ion implantation accommodates beforehand the glass which is the target of an ion 
implantation in the chamber of ion implantation equipment, and is a method of pouring the ion of 
antibacterial substances, such as silver, into the glass. 

An ion implantation is carried out by heating and steam-izing an antibacterial substance, supplying a 
silver steam to inter-electrode [ in a vacuum ], and ionizing it (JP,6-21 161 9,A). 

[0004]A sol gel process is the method of hydrolyzing the reactant of metal alkoxide compounds, 
such as tetraethyl silicate, and the silver coordinated complex which configurates alkoxy group 
content compounds, such as trimethoxysilylpropyl diethylenetriamine, adjusting a gel object, and 
heat-treating this gel object. 

A silver coordinated complex is generated by mixing the silver ion and alkoxy group content 
compound which are produced by dissolving a silver salt in a nonaqueous organic solvent in 
nonaqueous organic solvents, such as ethanol (JP,5-213621,A). 

[0005] 

[Problem(s) to be Solved by the Invention]Since according to scorification it is necessary to add 
fusing agents to which chemical durability is reduced, such as way acid and saltpeter, to a raw 
material in order to make it quench and vitrify after melting, the chemical durability of the glass 
obtained is low. According to ion implantation given in JP t 6-21 1619A expensive ion implantation 
equipment is required. Since silver exists in glass not in the state of an ionic state but in the state 
of a colloidal particle according to the sol gel process given in JP,5-213621,A, (1) A gel object 
cannot be heat-treated more than the melting point of (2) silver which the obtained antimicrobial 
glass is coloring, but there is a difficulty that precise and stable glass is not obtained and that the 
releasing speed of (3) silver is not loose. 

[0006]So, without using an expensive device, the purpose of this invention is excellent in chemical 
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durability by colorlessness, and there is in providing the antimicrobial glass which can control the 

gradual release speed of antimicrobial. 

[0007] 

[Means for Solving the ProblemjTo achieve the above objects, antimicrobial glass of this invention, 
It is Si0 2 -M x O y (however, as for M, metal atom [ with few the valence than the coordination 

number ], and X and Y show atomic ratio of M and 0, respectively.) system glass, and an 
antibacterial metal ion is contained. 

[0008]A suitable method of manufacturing antimicrobial glass of this invention, A raw material 
solution containing a salt and water of an organic silicon compound of hydrolysis nature, a metal M 
compound (however, M shows a metal atom with few the valence than the coordination number 
when it becomes an oxide.) of hydrolysis nature, and an antibacterial metal is mixed, and it 
calcinates after gelling. 

[0009]Each compound will hydrolyze and an organic silicon compound of hydrolysis nature and a 
metal M compound of hydrolysis nature will be uniformly gelled, if it mixes with water by 
presentation which can be vitrified by oxide conversion, respectively. If this gel is dried and 
calcinated, it will become Si0 2 -M x O y system glass. However, desiccation may be omitted. A 

grinding process may be added in one of stages before and after a baking process. If a salt of an 
antibacterial metal is included in a raw material solution before hydrolysis, it hydrolyzes 
simultaneously and antibacterial metal ion distributes uniformly in gel, and after calcination, an 
antibacterial metal serves as a metal ion which is tinged with positive charge (+), and exists. And 
since a coordination number Z twist also has few valences n of M, it exists in the circumference of 
M, and an oxygen atom of a surplus which is tinged with a negative charge (-) without being 
electrically neutralized by an electric charge (n+) of M neutralizes with antibacterial metal ion, and is 
stable. Therefore, an antibacterial metal exists stably and uniformly by an ionic state. 
[0010]Since an antibacterial metal is distributing in glass by an ionic state, glass does not color and 
precise glass is obtained by high temperature firing. And since an antibacterial metal inside glass is 
spread toward a glass surface in an ionic state even if antibacterial metal ion is emitted and 
consumed from a glass surface, a releasing speed from a glass surface is continuous and loose, and 
proportional to roott (t: time). Inclination of a releasing speed-time graph is also controllable by ratio 
of the metal M and an antibacterial metal, and a total amount of an antibacterial metal. 
[0011] 

[Embodiment of the Invention]As for the organic silicon compound of hydrolysis nature, and the 
metal M compound of hydrolysis nature, what is gelled uniformly is good by adding water. The 
organic silicon compound of typical hydrolysis nature is an alkoxide of silicon. The metal M 
compound of hydrolysis nature is an organic metal M compound of hydrolysis nature like the salt of 
the metal M, or the alkoxide of the metal M. M is one or more sorts chosen, for example from among 
aluminum, La, Y, Ti, Zr, Nb, and Ta. These metal is cheap, and since it is excellent in endurance in 
itself, it is preferred. When it is atomic ratio M/(antibacterial metal) >=1, it is easy to ionize 
antibacterial metal in glass. A suitable combination sets M to aluminum and sets antibacterial metal 
to Ag. 
[0012] 
[Example] 

[Manufacture of antimicrobial glass] The example of the manufacturing method of the antimicrobial 
glass of this invention is described with a drawing. Drawin g 1 is a figure explaining the manufacturing 
process of antimicrobial glass. 

[0013]Ethanol C 2 H 5 OH is added to tetraethoxysilane Si(OC 2 H 5 ) 4 as a solvent. Separately, water, 
nitric acid HN0 3 , ethanol, silver nitrate AgN0 3 , aluminium nitrate 9 hydrate aluminum(N0 3 ) 3 , a nd9H 
2 0 are mixed, and it is considered as a solution. It hydrolyzed having added this solution to said 
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tetraethoxysilane solution, and stirring it for 30 minutes, and the sol solution was prepared (drawing 

l a). The presentation of a sol solution is as being shown in Table 1 

[0014] 

[Table 1] 

[Mole ratio] 

Si(OC 2 H 5 ) 4 H 2 0 HN0 3 C 2 H 5 OH AgN0 3 aluminum(N0 3 ) 3 and 9H 

2 0 1 8 0.01 2 0.023 0-0.1 15 Put the sol solution into the 

container made from a plastic, and neglect it to 40 degreeC, it was made to gel after hydrolysis, and it 
dried for one week by 40 degreeC succeedingly after gelling (drawing 1 b). By taking out a sample from 
a container after desiccation, the product planet type ball mill made from zirconia grinding, and mean 
particle diameter being about 1 0 microns (drawing 1 c), putting the sample used as powder into a 
crucible, and calcinating by 600-1 000 degreeC for 2 hours, Four kinds of glass with which aluminum/Ag 

mole ratios differ was generated (drawing 1 d). The presentation on the theory of the obtained glass 

is shown in Table 2. 

[0015] 
[Table 2] 











No. 


Al/Ag 


S i 0 2 


AliO, 


AgjO 


Al 0 


0 


9 7.8 


0 


2. 2 


A 1 1 


1 


95. 6 


2. 2 


2. 2 


A 1 2 


2 


93. 5 


4. 3 


2. 1 


Al 5 


5 


87. 9 


1 0. 1 


2. 0 



[001 6] [Analysis of glass] 

(1) In order to check [ of the silver in glass ] whether silver remains in glass next in fixed quantity, 
The glass obtained with the glass obtained with dry gel and the calcination temperature of 800 ** 
and the calcination temperature of 1000 ** was melted with about 5% of hydrofluoric acid, 
respectively, and the concentration of the silver in the solution was measured by high-frequency- 
induction joint plasma emission spectrometry. As for the concentration of the silver in the liquid 
melted with hydrofluoric acid, the result checked remaining without silver carrying out evaporation 
escaping into all the glass regardless of the addition and calcination temperature of aluminum almost 
in accordance with the concentration of the silver added at the time of sol preparation, as shown in 
drawing 2. Since the sample and the crucible welded the sample which did not add aluminum when 
heat-treated above 960 degreeC which is the silver melting point, heat-treatment temperature made 
only the sample a maximum of 950 degrees. 

[0017](2) The state of the silver in glass, next the state of the silver in the glass produced by 
calcinating at 800 ** were analyzed by the visible ultraviolet absorption spectroscopic-analysis 
method. As a result, in the glass (aluminumO) which did not add aluminum, absorption was accepted 
near about 410 nm and this belonged with absorption by silver colloid. Since silver existed by colloid, 
the glass assumed yellow. On the other hand, in glass aluminuml which added aluminum, aluminum2, 
and aluminums, all three kinds of absorption were not accepted at all, but it was colorless. 
[0018]The state of the silver in the glass produced by calcinating at dry gel and various temperature 
was analyzed in the powder X diffraction. With the glass which has not added aluminum, the peak 
from which calcination temperature belongs to silver above 800 degreeC was accepted. It seems 
that this is based on silver colloid. On the other hand, with three sorts of glass which added 
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aluminum, the peak at which calcination temperature belongs to silver in more than 800 degreeC 
was not accepted. 

[0019]From the above analysis result, when the relation between a silver state and glazing structure 
is considered, it is as follows. Since it has the character very just like a silver ion and sodium ion, if 
a silver ion is added in silica glass, a silver ion will cut the network structure of silica and will be 
considered that one non-bridging oxygen per silver ion generates. However, since the silver ion 
combined with non-bridging oxygen is very unstable and it is returned easily, in the glass which does 
not add aluminum, the returned silver condenses and silver exists by colloid (d raw ing 3 upper row). 
On the other hand, if a trivalent element like aluminum is introduced into glass, some network silicon 
is replaced by aluminum, aluminum will form a tetrahedron with one negative charge superfluously, 
and it will be thought that a silver ion compensates this negative charge. Therefore, in the glass 
which added aluminum, silver configurates in this tetrahedron and silver exists according to an ionic 
state (drawing 3 lower berth). 

[0020][The operation effect of an example] 

(1) In order to evaluate the chemical durability of glass, the chemical durability of sustained-release 
silver valuation method profitable **** glass, and sustained-release [ silver ], the elution volume of 
silicon underwater [ out of glass ], aluminum, and silver was investigated in the following ways. Do 
not add aluminum but the glass produced by calcinating by 950 degreeC and the glass produced by 
adding aluminum and calcinating by 1000 degreeC are prepared, Each glass was put into 0.1g balance 
picking and the container of the product [ exception / individual ] made from polypropylene 
respectively, 20 ml of distilled water was added, the container was put into the incubator of 37 
degreeC, and it vibrated by the turning radius of 3 cm, and the rotation frequency of 120 rpm. Glass 
was taken out from the prescribed period immersion back, the container was underwater picked out 
from the incubator, it filtered, glass and a solution were classified, giving vibration, and the 
concentration of silicon in the solution, aluminum, and silver was measured by high-frequency- 
induction joint plasma emission spectrometry. The measurement result of silicon concentration, 
aluminum concentration, and silver concentration is shown in dra win g 4, draw ing 5, and dra win g 6, 
respectively. 

[0021 ](2) The elution volume of silicon increased as were shown in evaluation drayying 4 of the 
chemical durability of glass and the immersion period became long in the glass (aluminumO) which 
does not add aluminum, and the elution volume in two weeks was about 6 ppm after immersion. On 
the other hand, in the glass (aluminum 1, aluminum2, aluminums) which added aluminum, regardless of 
the quantity of the added aluminum, the elution volume of silicon increased as the immersion period 
became long, but. The upward tendency was quite smaller than the case where aluminum is not 
added, and the elution volume in two weeks was about 1.5 ppm after immersion, and when aluminum 
did not add, it decreased to 4 by about 1/. 

[0022]As is shown [ the elution volume of aluminum ] in drawin g 5, even if an immersion period 
becomes for a long time regardless of the addition of aluminum, an elution volume is almost 
constant and the elution volume of aluminum in two weeks is ultralow volume after immersion. 
Almost not having elution of aluminum is admited. 

From these results, it is admited by adding aluminum that the chemical durability of the glass matrix 
improved. 

[0023](3) As shown in sustained-release silver evaluation drawin g 6, it is stair-like, the elution 
volume of the silver from the glass (aluminumO) which does not add aluminum increases irregularly 
as an immersion period becomes long, and the elution volume in two weeks is about 5 ppm after 
immersion. 

This is equivalent to about 2.5% of silver having been eluted out of glass. 

On the other hand, although silver was quickly eluted in early stages regardless of the quantity of 
the added aluminum in the glass (aluminuml, aluminum2, aluminums) which added aluminum, It is 
eluted with the degree of about 1 constant speed after that, the elution volume of the silver in two 
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weeks is about 1 ppm after immersion, and this is equivalent to about 0.5% of silver having been 
eluted out of glass. 

[0024]Next, the silver elution volume was taken along the vertical axis, square root rootd (d: 
immersion days) of immersion days was taken along the horizontal axis, the RBI of those values was 
carried out on the graph (drawing 7), and the diffuser style of the silver of three kinds of glass 
(aluminuml, aluminum2, aluminum5) which added aluminum was examined. As a result, in all the 
samples, the silver elution volume was proportional to the square root of immersion days mostly. 
Generally the elution volume of alkaline ion underwater from glass is proportional to the square root 
of time, Since it is known that this is an ion exchange reaction of the alkaline ion in glass and an 
underwater proton, elution of silver underwater from the glass of this example is presumed to have 
happened by the ion exchange reaction of the silver ion in glass, and an underwater proton. 
[0025]Then, it is as follows when the diffuser style of silicon and silver is generally considered using 
drawing 8. First, with the glass which does not add aluminum, although silver exists as metallic 
colloid, since the elution volume of silicon is large, it is thought that the matrix near the surface is 
solved considerably. As a result, silver colloid and water contact, silver oxidizes with water, silver is 
eluted to underwater, the interface reaction of silver colloid and water serves as a rate determining 
step, and silver is considered to have been eluted irregularly ( dra wing 8 upper row). On the other 
hand with the glass which added aluminum, silver exists according to an ionic state, and there is 
almost no elution of silicon and aluminum. Since silver elution takes place by the ion exchange 
reaction of the silver ion in glass, and an underwater proton as shown previously, diffusion of a silver 
ion serves as a rate determining step, and is considered that silver was eluted with constant speed 
(drajwmg_8 lower berth). 

[0026](4) sutoreputokokosu Mu wardrobe (Streptococcus mutans)ATCC25 1 75 of the standard strain which 
causes a cavity easily in order to evaluate the antibacterial properties of the glass of an 
antibacterial evaluation example, (it is hereafter written as "S. mutans".) — the proliferation degree 
was measured under coexistence of antimicrobial glass as follows. 

[0027]The 5-ml toripuchikesuso eve loss (Tripticase Soy Broth) (made by U.S. BBL) which contains a 
yeast extract 0.5% It outlines the following "TSBY". Prepare and S.mutans is inoculated into it, 

Anaerobic culture was performed at 37 ** for 10 to 12 hours, and it prepared to 1x10 6 cells/ml in 
rite **yusudo transport fluid reduced transport fluid (it is hereafter written as "RTF".). aluminum/Ag 
separately produced by calcinating at 1000 ** carries out weighing of three kinds of antimicrobial 
glass, 1, 2, or 5, 0.1g, or the 0.01 g. 

[0028]each antimicrobial glass — the inside of the respectively individual above-mentioned 
preparation fungus liquid — the bottom of a 37 ** anaerobic condition (10% of hydrogen, 80% of 
nitrogen, 10% of carbon dioxide) — 2 and 6 — and it was immersed for 12 hours. The preparation 
fungus liquid which has not immersed glass was considered as control. Serial dilution of each fungus 
liquid was carried out 10 times by RTF after immersion, 0.1 ml of a diluent was dropped on TSBY 
plate agar, anaerobic culture was performed for four days at 37 **, the plate agar to which growth of 
about 100 colonies was accepted was chosen from the plate agar diluted with each magnification, 
and number of microorganism was measured. A measurement result is shown in draw ing 9. 
[0029]Antibacterial properties were checked by the glass except the glass of aluminum/Ag=5/1 
when a glass content was 0.1g, as shown in drawi ng 9. It is thought that it is because there was little 
silver absolute magnitude as for the difference with control having been accepted and having 
swarmed when the case of aluminum/Ag=5/1 and a glass content were 0.01 g. 
[0030] 

[Effect of the Invention]The antimicrobial glass of this invention demonstrates antibacterial 
properties as above, and also it is colorless and excels in chemical durability and sustained-release 
[ of the antibacterial substance ]. Therefore, it can be used stably in the part which needs 
antibacterial properties over a long period of time. 
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[Field of the InventionjThis invention belongs to antimicrobial glass and a manufacturing method for 
the same. The antimicrobial glass of this invention is used suitably for the germicide of the filler of 
composite resin for dentistry restoration, the filler of cement for body bone restoration, the filler of 
a catheter, a paint, and water, etc., and it deals in it. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



PRIOR ART 



[Description of the Prior Art]Conventionally, as a manufacturing method of antimicrobial glass, 
scorification, ion implantation, and a sol gel process are known as state-of-the-art art before this 
application. Scorification mixes with silver oxide oxide powder, such as silicic acid which is a general 
glass manufacturing method, for example, serves as raw materials for glass, and way acid, and after 
it fuses, it quenches and vitrifies it. 

[0003]Ion implantation accommodates beforehand the glass which is the target of an ion 
implantation in the chamber of ion implantation equipment, and is a method of pouring the ion of 
antibacterial substances, such as silver, into the glass 

An ion implantation is carried out by heating and steam-izing an antibacterial substance, supplying a 
silver steam to inter-electrode [ in a vacuum ], and ionizing it (JP,6~21 1619,A). 

[0004]A sol gel process is the method of hydrolyzing the reactant of metal alkoxide compounds, 
such as tetraethyl silicate, and the silver coordinated complex which configurates alkoxy group 
content compounds, such as trimethoxysilylpropyl diethylenetriamine, adjusting a gel object, and 
heat-treating this gel object. 

A silver coordinated complex is generated by mixing the silver ion and alkoxy group content 
compound which are produced by dissolving a silver salt in a nonaqueous organic solvent in 
nonaqueous organic solvents, such as ethanol (JP,5-213621,A). 



[Translation done.] 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



EFFECT OF THE INVENTION 



[The operation effect of an example] 

(1) In order to evaluate the chemical durability of glass, the chemical durability of sustained-release 
silver valuation method profitable **** glass, and sustained-release [ silver ], the elution volume of 
sil icon underwater [ out of glass ], aluminum, and silver was investigated in the following ways. Do 
not add aluminum but the glass produced by calcinating by 950 degreeC and the glass produced by 
adding aluminum and calcinating by 1000 degreeC are prepared, Each glass was put into 0.1g balance 
picking and the container of the product [ exception / individual ] made from polypropylene 
respectively, 20 ml of distilled water was added, the container was put into the incubator of 37 
degreeC, and it vibrated by the turning radius of 3 cm, and the rotation frequency of 120 rpm. Glass 
was taken out from the prescribed period immersion back, the container was underwater picked out 
from the incubator, it filtered, glass and a solution were classified, giving vibration, and the 
concentration of silicon in the solution, aluminum, and silver was measured by high-frequency- 
induction joint plasma emission spectrometry. The measurement result of silicon concentration, 
aluminum concentration, and silver concentration is shown in drawing 4, drawing 5, and drawing 6, 
respectively. 

[0021](2) The elution volume of silicon increased as were shown in evaluation drawing 4 of the 
chemical durability of glass and the immersion period became long in the glass (aluminumO) which 
does not add aluminum, and the elution volume in two weeks was about 6 ppm after immersion. On 
the other hand, in the glass (aluminuml, aluminum2, aluminum5) which added aluminum, regardless of 
the quantity of the added aluminum, the elution volume of silicon increased as the immersion period 
became long, but. The upward tendency was quite smaller than the case where aluminum is not 
added, and the elution volume in two weeks was about 1.5 ppm after immersion, and when aluminum 
did not add, it decreased to 4 by about 1/. 

[0022]As is shown [ the elution volume of aluminum ] in draw ing 5, even if an immersion period 
becomes for a long time regardless of the addition of aluminum, an elution volume is almost 
constant, and the elution volume of aluminum in two weeks is ultralow volume after immersion. 
Almost not having elution of aluminum is admited. 

From these results, it is admited by adding aluminum that the chemical durability of the glass matrix 
improved. 

[0023](3) As shown in sustained-release silver evaluation drawin g 6, it is stair-like, the elution 
volume of the silver from the glass (aluminumO) which does not add aluminum increases irregularly 
as an immersion period becomes long, and the elution volume in two weeks is about 5 ppm after 
immersion. 

This is equivalent to about 2.5% of silver having been eluted out of glass. 

On the other hand, although silver was quickly eluted in early stages regardless of the quantity of 
the added aluminum in the glass (aluminuml, aluminum2, aluminum5) which added aluminum, It is 
eluted with the degree of about 1 constant speed after that, the elution volume of the silver in two 
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weeks is about 1 ppm after immersion, and this is equivalent to about 0.5% of silver having been 
eluted out of glass. 

[0024]Next, the silver elution volume was taken along the vertical axis, square root rootd (d: 
immersion days) of immersion days was taken along the horizontal axis, the RBI of those values was 
carried out on the graph (drawing 7), and the diffuser style of the silver of three kinds of glass 
(al uminuml, aluminum2, aluminum5) which added aluminum was examined. As a result, in all the 
samples, the silver elution volume was proportional to the square root of immersion days mostly. 
Generally the elution volume of alkaline ion underwater from glass is proportional to the square root 
of time, Since it is known that this is an ion exchange reaction of the alkaline ion in glass and an 
underwater proton, elution of silver underwater from the glass of this example is presumed to have 
happened by the ion exchange reaction of the silver ion in glass, and an underwater proton. 
[0025]Then, it is as follows when the diffuser style of silicon and silver is generally considered using 
drawing 8. First, with the glass which does not add aluminum, although silver exists as metallic 
colloid, since the elution volume of silicon is large, it is thought that the matrix near the surface is 
solved considerably. As a result, silver colloid and water contact, silver oxidizes with water, silver is 
eluted to underwater, the interface reaction of silver colloid and water serves as a rate determining 
step, and silver is considered to have been eluted irregularly (d rawi ng 8 upper row). On the other 
hand with the glass which added aluminum, silver exists according to an ionic state, and there is 
almost no elution of silicon and aluminum. Since silver elution takes place by the ion exchange 
reaction of the silver ion in glass, and an underwater proton as shown previously, diffusion of a silver 
ion serves as a rate determining step, and is considered that silver was eluted with constant speed 
(drawing 8 lower berth). 

[0026](4) sutoreputokokosu Mu wardrobe (Streptococcus mutans)ATCC251 75 of a standard strain which 
causes a cavity easily in order to evaluate the antibacterial properties of glass of an antibacterial 
evaluation example, (it is hereafter written as "S. mutans".) — a proliferation degree was measured 
under coexistence of antimicrobial glass as follows. 

[0027]The 5-ml toripuchikesuso eve loss (Tripticase Soy Broth) (made by U.S. BBL) which contains a 
yeast extract 0.5% It outlines the following "TSBY". Prepare and S.mutans is inoculated into it, 

Anaerobic culture was performed at 37 ** for 10 to 12 hours, and it prepared to 1x10 6 cells/ml in 
rite** yusudo transport fluid reduced transport fluid (it is hereafter written as "RTF".). aluminum/Ag 
separately produced by calcinating at 1000 ** carries out weighing of three kinds of antimicrobial 
glass, 1, 2, or 5, 0.1 g, or the 0.01 g. 

[0028]each antimicrobial glass — the inside of the respectively individual above-mentioned 
preparation fungus liquid — the bottom of a 37 ** anaerobic condition (10% of hydrogen, 80% of 
nitrogen, 10% of carbon dioxide) — 2 and 6 — and it was immersed for 12 hours. Preparation fungus 
liquid which has not immersed glass was considered as control. Serial dilution of each fungus liquid 
was carried out 10 times by RTF after immersion, 0.1 ml of a diluent was dropped on TSBY plate 
agar, anaerobic culture was performed for four days at 37 **, plate agar to which growth of about 
100 colonies was accepted was chosen from plate agar diluted with each magnification, and number 
of microorganism was measured. A measurement result is shown in dra wing 9. 
[0029]Antibacterial properties were checked by the glass except the glass of aluminum/Ag=5/1 
when a glass content was 0.1 g, as shown in drawing 9. It is thought that it is because there was little 
silver absolute magnitude as for the difference with control having been accepted and having 
swarmed when the case of aluminum/Ag=5/1 and a glass content were 0.01 g. 



[Translation done.] 



http://ww4.ipdl.inpit.go.jp/cgi-bin/tran_web_cgi_ejje 4/16/2008 



JP,09-110463,A [MEANS] 



Page 1 of 2 



* NOTICES * 



JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



MEANS 



[Means for Solving the Problem]To achieve the above objects, antimicrobial glass of this invention, 
It is Si0 2 -M x O Y (however, as for M, metal atom [ with few the valence than the coordination 

number ], and X and Y show atomic ratio of M and 0, respectively.) system glass, and an 
antibacterial metal ion is contained. 

[0008]A suitable method of manufacturing antimicrobial glass of this invention, A raw material 
solution containing a salt and water of an organic silicon compound of hydrolysis nature, a metal M 
compound (however, M shows a metal atom with few the valence than the coordination number 
when it becomes an oxide.) of hydrolysis nature, and an antibacterial metal is mixed, and it 
calcinates after gelling. 

[0009]Each compound will hydrolyze and an organic silicon compound of hydrolysis nature and a 
metal M compound of hydrolysis nature will be uniformly gelled, if it mixes with water by 
presentation which can be vitrified by oxide conversion, respectively. If this gel is dried and 
calcinated, it will become Si0 2 -M x O y system glass. However, desiccation may be omitted. A 

grinding process may be added in one of stages before and after a baking process. If a salt of an 
antibacterial metal is included in a raw material solution before hydrolysis, it hydrolyzes 
simultaneously and antibacterial metal ion distributes uniformly in gel, and after calcination, an 
antibacterial metal serves as a metal ion which is tinged with positive charge (+), and exists. And 
since a coordination number Z twist also has few valences n of M, it exists in the circumference of 
M, and an oxygen atom of a surplus which is tinged with a negative charge (-) without being 
electrically neutralized by an electric charge (n+) of M neutralizes with antibacterial metal ion, and is 
stable. Therefore, an antibacterial metal exists stably and uniformly by an ionic state. 
[0010]Since an antibacterial metal is distributing in glass by an ionic state, glass does not color and 
precise glass is obtained by high temperature firing. And since an antibacterial metal inside glass is 
spread toward a glass surface in an ionic state even if antibacterial metal ion is emitted and 
consumed from a glass surface, a releasing speed from a glass surface is continuous and loose, and 
proportional to roott (t: time). Inclination of a releasing speed-time graph is also controllable by ratio 
of the metal M and an antibacterial metal, and a total amount of an antibacterial metal. 
[0011] 

[Embodiment of the Invention]As for the organic silicon compound of hydrolysis nature, and the 
metal M compound of hydrolysis nature, what is gelled uniformly is good by adding water. The 
organic silicon compound of typical hydrolysis nature is an alkoxide of silicon. The metal M 
compound of hydrolysis nature is an organic metal M compound of hydrolysis nature like the salt of 
the metal M, or the alkoxide of the metal M. M is one or more sorts chosen, for example from among 
aluminum, La, Y, Ti, Zr, Nb, and Ta. These metal is cheap, and since it is excellent in endurance in 
itself, it is preferred. When it is atomic ratio M/(antibacterial metal) >=1, it is easy to ionize 
antibacterial metal in glass. A suitable combination sets M to aluminum and sets antibacterial metal 
to Ag. 
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TECHNICAL PROBLEM 



[Problem(s) to be Solved by the InventionjSince according to scorification it is necessary to add 
fusing agents to which chemical durability is reduced, such as way acid and saltpeter, to a raw 
material in order to make it quench and vitrify after melting, the chemical durability of the glass 
obtained is low. According to ion implantation given in JP.6-21 1619,A, expensive ion implantation 
equipment is required. Since silver exists in glass not in the state of an ionic state but in the state 
of a colloidal particle according to the sol gel process given in JP.5-213621.A, (1) A gel object 
cannot be heat-treated more than the melting point of (2) silver which the obtained antimicrobial 
glass is coloring, but there is a difficulty that precise and stable glass is not obtained and that the 
releasing speed of (3) silver is not loose. 

[0006]So, without using an expensive device, the purpose of this invention is excellent in chemical 
durability by colorlessness, and there is in providing the antimicrobial glass which can control the 
gradual release speed of antimicrobial. 
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EXAMPLE 



[Example] 

[Manufacture of antimicrobial glass] The example of the manufacturing method of the antimicrobial 
glass of this invention is described with a drawing. Drawing 1 is a figure explaining the manufacturing 
process of antimicrobial glass. 

[0013]Ethanol C 2 H 5 OH is added to tetraethoxysilane Si(OC 2 H 5 ) 4 as a solvent Separately, water, 

nitric acid HN0 3 , ethanol, silver nitrate AgNOg, aluminium nitrate 9 hydrate aluminum(N0 3 ) 3 , and 9H 

2 0 are mixed, and it is considered as a solution. It hydrolyzed having added this solution to said 

tetraethoxysilane solution, and stirring it for 30 minutes, and the sol solution was prepared (drawing 

J a). The presentation of a sol solution is as being shown in Table 1. 

[0014] 

[Table 1] 

[Mole ratio] 

Si(OC 2 H 5 ) 4 H 2 0 HN0 3 C 2 H 5 OH AgN0 3 aluminum(N0 3 ) 3 and 9H 

2 0 1 8 0.01 2 0.023 0-0.1 15 Put the sol solution into the 

container made from a plastic, and neglect it to 40 degreeC, it was made to gel after hydrolysis, and it 
dried for one week by 40 degreeC succeedingly after gelling (dr awin g 1 b). By taking out a sample from 
a container after desiccation, the product planet type ball mill made from zirconia grinding, and mean 
particle diameter being about 10 microns ( drawin g 1 c), putting the sample used as powder into a 
crucible, and calcinating by 600-1000 degreeC for 2 hours, Four kinds of glass with which aluminum/Ag 
mole ratios differ was generated ( drawin g 1 d). The presentation on the theory of the obtained glass 
is shown in Table 2. 
[0015] 
[Table 2] 











No. 


Al/Ag 


S iOj 


A l t O» 


Ag 2 0 


A 1 0 


0 


97. 8 


0 


2. 2 


A 1 1 


1 


9 5.6 


2. 2 


2. 2 


A 1 2 


2 


93. 5 


4. 3 


2. 1 


A 1 5 


5 


87. 9 


1 0. 1 


2. 0 



[0016][Analysis of glass] 

(1) In order to check [ of the silver in glass ] whether silver remains in glass next in fixed quantity, 
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The glass obtained with the glass obtained with dry gel and the calcination temperature of 800 ** 
and the calcination temperature of 1000 ** was melted with about 5% of hydrofluoric acid, 
respectively, and the concentration of the silver in the solution was measured by high-frequency- 
induction joint plasma emission spectrometry. As for the concentration of the silver in the liquid 
melted with hydrofluoric acid, the result checked remaining without silver carrying out evaporation 
escaping into all the glass regardless of the addition and calcination temperature of aluminum almost 
in accordance with the concentration of the silver added at the time of sol preparation, as shown in 
dl3.wmg.2. Since the sample and the crucible welded the sample which did not add aluminum when 
heat-treated above 960 degreeC which is the silver melting point, heat-treatment temperature made 
only the sample a maximum of 950 degrees. 

[0017](2) The state of the silver in glass, next the state of the silver in the glass produced by 
calcinating at 800 ** were analyzed by the visible ultraviolet absorption spectroscopic-analysis 
method. As a result, in the glass (aluminumO) which did not add aluminum, absorption was accepted 
near about 410 nm and this belonged with absorption by silver colloid. Since silver existed by colloid, 
the glass assumed yellow. On the other hand, in glass aluminuml which added aluminum, aluminum2, 
and aluminums, all three kinds of absorption were not accepted at all, but it was colorless. 
[0018]The state of the silver in the glass produced by calcinating at dry gel and various temperature 
was analyzed in the powder X diffraction. With the glass which has not added aluminum, the peak 
from which calcination temperature belongs to silver above 800 degreeC was accepted. It seems that 
this is based on silver colloid. On the other hand, with three sorts of glass which added aluminum, 
the peak at which calcination temperature belongs to silver in more than 800 degreeC was not 
accepted. 

[0019]From the above analysis result, when the relation between a silver state and glazing structure 
is considered, it is as follows. Since it has the character very just like a silver ion and sodium ion, if 
a silver ion is added in silica glass, a silver ion will cut the network structure of silica and will be 
considered that one non-bridging oxygen per silver ion generates. However, since the silver ion 
combined with non-bridging oxygen is very unstable and it is returned easily, in the glass which does 
not add aluminum, the returned silver condenses and silver exists by colloid (dr awin g 3 upper row). 
On the other hand, if a trivalent element like aluminum is introduced into glass, some network silicon 
is replaced by aluminum, aluminum will form a tetrahedron with one negative charge superfluously, 
and it will be thought that a silver ion compensates this negative charge. Therefore, in the glass 
which added aluminum, silver configurates in this tetrahedron and silver exists according to an ionic 
state (drawing 3 lower berth). 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1 ]It is a figure explaining the manufacturing process of antimicrobial glass. 

[Dravying 2]It is a graph which shows the fixed-quantity value of the silver contained in antimicrobial 

glass. 

[Drayying 3]It is a figure explaining the glass network structure of antimicrobial glass. 

[Drawing 4]It is a graph which shows the underwater elution volume of silicon in the antimicrobial 

glass produced by calcinating at 1000 **. 

[Drawing 5]It is a graph which shows the underwater elution volume of aluminum in the antimicrobial 
glass produced by calcinating at 1000 **. 

[Draw[ng_6llt is a graph which shows the underwater elution volume of the silver in the antimicrobial 
glass produced by calcinating at 1000 **. 

[DraMngJJIt is the graph which carried out the RBI of the relation between the elution volume of 
the above-mentioned silver, and the square root of immersion days. 
[Drawing 8]It is a figure explaining a diffuser style underwater [ silver ]. 

[Djm^jQft is a graph which shows the degree of antibacterial properties of antimicrobial glass. 
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DRAWINGS 



[ Drawin g 1] 
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[Drawing 2] 
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[ Drawin g 5] 
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